Introduction Broad-range rDNA PCR provides an alternative, cultivation-independent approach for identifying bacterial DNA in reactive and other form of arthritis. The aim of this study was to use broad-range rDNA PCR targeting the 16S rRNA gene in patients with reactive and other forms of arthritis and to screen for the presence of DNA from any given bacterial species in synovial fluid (SF) samples.
Introduction
The actual pathogenic event initiating arthritis is largely unknown. For several forms of arthritis, an infectious etiology has been postulated [1] [2] [3] . In particular, reactive arthritis (ReA) is known to be triggered by a variety of bacteria. For Salmonella, Yersinia, and Chlamydia, a persistent infection has been hypothesized due to the intraarticular presence of bacterial antigens, DNA, and/or RNA [4] [5] [6] . There is also evidence that undifferentiated arthritis is a form of ReA ('forme fruste') possibly due to a preceding but asymptomatic infection [7, 8] . PCR using universal 16S rRNA primers is a highly sensitive tool allowing detection of unknown, that is unsuspected, pathogens relating to all eubacterial species [9] [10] [11] . This tool has been used before in patients with ReA, undifferentiated arthritis (UA), and other arthropathies. However, in most studies, the PCR products were of sufficient length to determine the genus of the bacteria in the synovial samples, but were not long enough to identify the species level [12] [13] [14] .
We previously used the broad-range PCR, cloning and sequencing the entire 16S rDNA and demonstrated the presence of a large number of bacterial DNA in the synovial tissue (ST) of patients with ReA, UA, and other arthropathies [15] . These bacterial DNA were mainly derived from commensals that are normally present in the skin and gut. We also detected DNA of specific bacterial groups that have not been detected in arthritis samples or in human infections so far, suggesting that these new bacteria possibly could have a pathogenic relevance, particularly with regard to the ST. The detection of such a variety of bacterial groups after cloning and near fulllength 16S rDNA sequencing obtained in ST samples has raised the question if the identical bacterial DNA communities could reside in both the ST and the synovial fluid (SF) of matched arthritis patients [15] . In addition, the composition of bacterial DNA from ST samples has not been compared comprehensively with that of matched SF samples in arthritis patients. Besides, a detailed analysis of SF bacterial DNA and their comparison with those from corresponding ST samples might help to determine whether intraarticular bacterial DNA might change over time between the two synovial compartments.
As opposed to SF [12, 16] , the bacterial DNA communities in the ST are well documented [13, 14, [17] [18] [19] and to our knowledge, there is no study that has amplified the entire 16S rDNA from SF samples. Accordingly, we now continue our study using PCR as well as cloning and sequencing of the entire 16S rDNA to identify any bacterial DNA potentially present in the SF samples of patients with ReA, UA, and other forms of arthritis who were also analyzed previously [15] .
Materials and methods

Patients and synovial fluid samples
Twenty-seven patients with active arthritis and knee effusion gave informed consent and were included in the study, which was approved by the local ethical committees. ST samples of these patients were used in a previous study [15] . The clinical characteristics as well as technical aspects regarding prevention of contamination during sampling have recently been published in detail [15] .
Among the 27 patients included in the study, five were diagnosed with ReA, and nine with undifferentiated arthritis (UA); we also included seven patients with rheumatoid arthritis (RA) and six with osteoarthritis (OA) who served as controls. In the current study, the 27 patients were identical to the 27 patients analyzed in our previously published study (from patient 2 to patient 28) [15] . The clinical features and demographic characteristics of the patients are summarized in Table 1 . SF samples were aspirated by standard needle puncture, snap frozen in liquid nitrogen, and stored at -80°C until analysis.
Automated DNA extraction from synovial fluid and broad-range PCR amplification of 16S rRNA genes, cloning and sequencing of bacterial DNA For 10 minutes, 500 μl of SF were centrifuged at 10,000 g. The whole SF cell pellet was subjected to DNA extraction using the MagNA Pure system (Roche Molecular Biochemicals, Meylan, France). Prior to the MagNA Pure extraction, 500 μl of lysis buffer (200 mM sodium chloride, 20 mM Tris hydrochloric acid, pH 8, 50 mM ethylenediaminetetraacetic acid and 1% SDS) and 25 μl of proteinase K (10 mg/ml) (Sigma, St Louis, MO, USA) were added to the SF cell pellet.
Bacterial 16S rDNA fragments were amplified from SF extracted DNA by broad-range PCR amplification using universal bacterial 16S rRNA gene-specific oligonucleotide primers Bac08 and Uni1390, as previously described [15] . Products of the expected size (approximately 1400 bp) were inserted into a vector using a cloning kit (pGEM-T vector; Promega, Madison, WI, USA). Sequencing and 16S rDNA analysis were performed as previously described [15] .
Data analysis
Statistical analysis was performed using SPSS 11.0 software (SPSS; Chicago, IL, USA). A P < 0.05 was considered statistically significant.
Results
PCR positivity by the broad-range PCR amplification system PCR was positive in 20 of the 27 (74.10%) patients indicating the presence of bacterial 16S rDNA within the synovial samples. Of note, PCR was positive in five out of five (100%) patients with ReA and also in nine out of nine (100%) patients with UA. In the control group, bacterial 16S rDNA was ampli-fied in three out of seven (43%) RA patients and in three of six (50%) OA patients. Accordingly, the presence of bacterial DNA within the SF samples was significantly higher in ReA and UA patients as compared with RA and OA patients (14 out of 14 (100%) vs 6 of 13 (46.2%); P = 0.006).
At least 24 individual clones were selected from each PCR product and sequenced. A summary of the total number of sequences analyzed in each patient is depicted in Table 2 . Only full-length (1300 to 1400 bp) sequences of high quality were analyzed in detail. Most bacterial sequences had at least 97% sequence similarity with any known cultivated or uncultured bacteria. The percentage of similarity to the best fit sequence in the database, the accession number, and the sequence length of each probe are listed in Table 3 .
Bacterial 16S rDNA sequences identified in synovial fluid samples Each patient's SF samples contained a diverse range of bacterial DNA-related species ( Table 2 ). The majority of pathogens across all groups were identified as Shigella species and Stenotrophomonas maltophilia. DNA from a total of 69 various individual bacterial species were detected in SF samples from ReA and UA patients, whereas only 10 different bacterial DNA were found in SF samples from RA and OA patients. In addition, DNA from 20 bacterial species was detected in both the study and the control groups.
In ReA and UA patients, apart from Shigella sonnei DNA, there was no other DNA-derived bacteria so far described to trigger ReA. There were sequences from commensal bacteria, in particular those from the skin or the intestinal tract (Propionibacterium acnes, Escherichia coli, and other coliform bacteria). We also detected additional species previously assigned to the Pseudomonas genus such as DNA of Pseudomonas poae, Delftia acidovorans, and Burkholderia cepacia. A detailed sequence analysis of the PCR-positive samples of ReA and UA patients revealed a number of DNA of bacteria that have previously been described in human infections but not in arthritis, including Rhizobium radiobacter, Pantoea ananatis, and Capnocytophaga sputigena. Except for P. ananatis, these DNA sequences were observed in only one individual (Table 3) DNA products from environmental bacteria previously detected in arthritis, such as Achromobacter xylosoxidans, Alcaligenes faecalis, and Flavobacterium mizutaii were commonly found in both the study and control groups. DNA of Aranicola species bacterium rarely described in humans but not associated with arthritis was common in patients with ReA, UA, and RA and was detected in more than one case (Table  3) .
Some clones fell into environmental species not previously reported in human infections including DNA of Paenibacillus humicus, Bacillus niacini, and Diaphorobacter species, and other bacteria, which have not yet been cultured (Table 3) .
DNA from the candidate division OP10 bacterium was detected in SF samples of only two patients with UA. These bacterial DNA sequences have not been previously characterized by rDNA sequencing because they exhibit less than 97% similarity to known database sequences. We could find no clear association between the presence of a particular bacterial DNA and clinical symptoms.
Discussion
In the present study we used broad-range PCR amplification, cloning, and sequencing of the full-length 16S rDNA from a wide variety of bacterial species in the SF samples of all patients studied. Only a few studies have been conducted to detect and identify the bacterial DNA communities in SF samples of patients with ReA, UA, and others arthropathies. In these studies, only short fragments of DNA were amplified Number in brackets after species names indicate the number of patient set from whom bacteria were detected. a Accession number of the bacterial species in the EMBL database. b Length of alignment on which the 16S rDNA inserted sequence and the corresponding sequence in the database are similar. c In the '% similarity' column, asterisks indicate highlight instances where the % similarity is below 97%. d The 'Common bacteria' row shows the bacteria identified in ReA, UA, RA, and OA patients. Bacterial species detected only in SF samples and not in ST samples from our previous study [15] , are indicated in bold. OA = osteoarthritis; RA = rheumatoid arthritis; ReA = reactive arthritis; SF = synovial fluid; UA = undifferentiated arthritis.
Table 3 (Continued)
Bacterial species identified by sequencing of cloned 16S rDNA allowing solely the determination of the bacterial genus but not the identification of the species level. This is, to our knowledge, the first study using the full-length 16S rRNA gene as a target for broad-spectrum PCR to detect bacterial DNA in SF samples allowing the identification of the species level.
Sequence analysis of the PCR-positive samples revealed the presence of a wide spectrum of bacterial DNA in SF samples of all studied patients. False positivity due to contamination poses a problem when broad-range PCR targeting the 16S rRNA is used [20] [21] [22] . However, our recently published study outlines extensive measures, which were also taken in the present study in order to avoid any contamination [15] . From a practical point of view, it is important to notice that we did not surgically incise the skin at the site of the aspiration thus avoiding contamination by the skin flora but our results are rather similar to those obtained by others who took this precaution [14] . PCR and extraction controls consistently yielded negative results indicating that the PCR products detected in positive samples are most likely derived from the bacterial rRNA genes actually present in SF cells. In addition, the sequences obtained varied between patients and DNA from several organisms has also been identified in arthritic human joints in independent laboratories [12] [13] [14] 17, 18] , suggesting that their presence is unlikely to be a consequence of contamination.
The most common sequences of species found in SF samples of all patients (e.g. A. xylosoxidans, A. faecalis, F. mizutaii, and S. maltophilia) were also seen in the previous study [15] , except the DNA from Aranicola species implying that they might be opportunistic colonizers of inflamed joints. S. maltophilia DNA was identified most frequently. This organism is an opportunistic pathogen and has previously been detected in arthritic knee joints [12, 15, 17] . Of note, other bacterial DNA have been described in human infections but not so far in arthritis were identified in the SF samples of our arthritic patients. Some of them are detected only in SF samples but not in their matched ST samples, such as R. radiobacter and Pantoae ananatis. Recently, we reported that DNA derived from uncultured bacteria and from environmental organisms that have not been previously detected in human samples could also be demonstrated in ST samples [15] . Similarly, in SF samples such bacterial DNA was detected including Aminobacter aminovorans, B. niacini, Diaphorobacter species, and uncultured candidate division OP10 bacterium. Several studies have also detected unsuspected uncultured and/or cultured bacteria not considered as human pathogens in arthritic joints but they were found by sequencing short DNA fragments [12] [13] [14] 16] . Thus, the identification of such bacterial species after cloning and near-full length 16S DNA sequencing might be of interest and should be pursued. However, their presence in the joint can not provide definite evidence of their replication or a functional role in arthritis.
Our results also confirmed the presence of E. coli sequences in SF samples as previously found in ST samples of arthritis patients [15] . This could indicate the ability of E. coli DNA to colonize inflamed joints; the gut in different patients would be expected to contain a material derived from a range of E. coli 'subspecies' [23] [24] [25] .
Our analysis of SF samples and their matched ST samples confirmed a wide spectrum of bacterial DNA-related species detected in each individual patient. Accordingly, a significant correlation was found between the diversity of bacterial species detected in SF and matched ST at the patient level (r = 0.522, P = 0.018). However, they revealed a different profile in regard to their known potential of triggering ReA in either SF or ST samples. Thus, the Shigella flexneri sequences were not detected in any of the SF samples whereas S. sonnei 16 rDNA sequences were detected more frequently in SF samples of five ReA and five UA patients as compared with the ST samples of one ReA and one UA patient [15] . DNA of Shigella species was also prevalent in SF samples as demonstrated previously in ST samples [15] , but it was more frequently detected in SF samples (five ReA, eight UA, two RA, and three OA in SF vs two ReA, four UA, two RA, and one OA in ST samples). Although S. sonnei and Shigella species were detected more frequently in SF than in ST samples, the difference was statistically not significant.
We detected DNA from Shigella species in our cohort of patients with various forms of arthritis and S. sonnei, known to trigger ReA, only in ReA and UA samples. Shigella DNA positive patients had no clinical signs of previous intestinal infection with an enteric organism. These patients may have been asymptomatic, or the preceding gastrointestinal symptoms may have been mild and overlooked by the patients [3] . It is possible that enteric organisms may migrate from asymptomatic primary sites of the infection to the synovial compartment [3] . Most Shigella ReA caused by S. sonnei are sporadic cases [26] . The most recent published case of S. sonnei related ReA was attributed to sexual transmission of the pathogen [27] . In our study, we detected S. sonnei DNA in five ReA patients presenting with an urogenital infection, which is consistent with the possibility that this species could be related to sexual transmission.
A composition of a mixture of bacterial nucleic acids was common in our cohort of patients with various forms of arthritis, as has been described in previous studies [13] [14] [15] 17, 18] . The bacterial DNA might be incorporated by macrophages, which are disseminated by the circulation and reach the joint due to an increased cellular recruitment. As opposed to a single organism, such mixtures may increase the risk of triggering an immune response finally culminating in synovitis. However, genetic susceptibility factors of the host are also playing an important role particularly in persistent infections [10, 28] . As mixtures of bacterial nucleic acids are also detectable in the (page number not for citation purposes)
SF samples from patients with RA and OA, we cannot exclude that this may represent a normal 'background' phenomenon not necessarily causing synovitis [10, 17] . Another limitation of our study lies in the fact that we could not detect Chlamydia trachomatis DNA or other common bacteria known to trigger posturethritic arthritis.
Conclusions
Our study provides a valuable overall picture of the bacterial DNA environment present in the SF of the actively inflamed joints of arthritis patients. Characterization of the DNA reveals a wide spectrum of organisms so far not known to be present in human infections, not known to be present in inflamed joints of arthritis patients, and not known to trigger ReA. There is also a differential bacterial colonisation and/or infection of SF and ST samples because the analysis of SF can identify a number of bacterial DNA-related species, which have not been detected in ST samples as studied earlier [15] and has helped to confirm that the composition of bacterial DNA may change over time in joint cavity.
Accordingly, the analysis of SF or ST samples from different arthropathies patients by broad-range PCR is essentially capable of characterising the bacterial DNA environment present in joint cavity. As synovial biopsy is a difficult act, SF is well practical for such purpose.
